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SUMMARY

An investigation has been conducted to determine the effects of
horizontal-tall location and size on the longlitudinal aerodynemic charsc-
teristics of an airplane model having & triangular wing, The wing had
an aspect ratio of 3 and the NACA 0003.5-63 sectlon in the streamwise
direction. Two horizontal talls were tested which had areas of either
16,7 or 21.9 percent of the wing area. Each of the horizontal tails had
an aspect ratio of 4, a taper ratio of 0.33, the NACA OOQ:K-64 sectionm,
and no sweepback of the 5C-percent-chord line, Tests were conducted with
the horizontal tails located -0.10, 0, 0.10, and 0.20 wing semispans
sbove the chord plane of the wing at longitudinal distances of 1.2 and
1.5 mean serodynamic chord lengths behind the moment center. The wind-
tunnel tests were conducted at a Reynolds number of 2.5 million at Mach
numbers from 0.25 to 0.95.

It was found that the horlzontal tail was destabilizing at moderate
1lift coefficients when located above the plane of the wing. When placed
either in or below the plane of the wing, the horizontal tail was stabi-
lizing throughout the 1lift range. For the balanced condition, the drsag
increment due to the tail was less when the tail was placed 0.10 wing
semigpan below the wing chord plane than when placed in the wing chord
plane., In general, the drag due to balanecing the model decreased with
increases in tail size or length and increased markedly as the Mach
number was increased beyond 0.90.

INTRODUCTION

The subsonic aerodynamic characteristies of a model of an airplane
having a triasngular wing of aspect ratio 3 and an ell-movable horizontal
tail have been the subject of an investigation in the Ames 12-foot pres-
sure wind tunnel. Results obtained during this investigation which pertain
to the static lsteral and directional charscteristics and to the effects

lSupersed.es recently declassified NACA RM AS53I15 by Bruce E, Tinling
and Armand E, Lopez, 1954,
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- of traillng-edge flaps are reported in references 1 and 2. Ground effects
on the longitudinal characteristics are reported in reference 3,

This report presents a part of the investigation undertaken to deter-
mine the effects of longitudinal and vertical position and of size of the
horizontal tail on the static longitudinal characteristics, The effects
of vertical position of the horizontal tail on the low-speed characteris-
tics of a similar configuration have been reported in reference 4, and a
study of the downwash at transonic speeds behind a triangular wing having
an aspect ratio of 3 has been presented in reference 5. The wind-tunnel
tests of the present investigation were conducted at Mach numbers up to
0.95 at a Reynolds number of 2.5 million, and at Reynolds numbers of 2,5
million and 10 million et a Mach number of 0,25,

NOTATION
A aspect ratio, %;
a normal acceleration
b wing span
Cp drag coefficient, d;;

- det a=0and iy x O
ACDgia11 Dtatl on = “Diaiy opp’ MeBSUred &t o t

Cr, 11ft coefficient, Ziil
as
Cm pitching~-moment coefficient about the moment center,
pitching moment
qS&
c wing chord meagured parallel to the plane of symmetry
o b/2
g wing mean aerodynamic chord, __k/P c2dy
Sw Yo
g acceleration due to grevity
ig incidence of the horizontael tail with respect to the wing chord
plane, deg
¢ tail length, longlitudinal distance from the moment center to

the horizontal-tail pivot line



NACA TN Lhobl 3

z ‘lift-drag ratio, %riiz

M free-stream Mach number

n normael acceleration fgctor, %

q free-gtream dynamic pressure

R Reynolds number, based on the wing mean aerodynamic chord

St area of the horizontal tail

Sw wing area

Vi | tail volume, %;-gi

¥ lateral distance from the plane of symmetry

z vertical distance from the wing chord plesne to the hinge axis
of the horizontal tail

o4 angle of attack, deg

€ effective downwash angle, deg

Cm

SI; horizontal-tail pitching-moment effectiveness, measured at a
constant angle of attack

1 ——{) tall-efficiency factor (ratio of the lift-curve slope of the
a4 horizontal taill when mounted on the fuselage in the flow
field of the wing to the theoretical lift-curve slope of
the 1solated horizontal tail evaluated by the method of
reference 6)

MODEL

The triasngular wing of the model tested during this investigation
had an aspect ratio of 3 and the NACA 0003.5-63 streamwise section. Two
horizontal talls were tested which had areas of either 16.7 or 21.9
percent of the wing erea. Each horizontal tail had an aspect ratio of
4, a taper ratio of 0.33, and the NACA 0O004-6L streamwise section. The
wing, tail surfaces, and fuselage were machined from solid steel.
Further gdetails of the geometry of components of the model are given
in table I.
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As shown In figure 1, both the horilzontal tail and the wing could
be placed on or above the fuselage center line. This permitted the
horizontal-tail hinge line to be located at =0.10, O, 0.10, or 0.20
wing semispans above the wing chord plane. A change in tall length
was obtained by removing a cylindrical portion of the fuselage which
was 6.50 inches in length. The moment center chosen for each combi-
nation of tail size and position and the corresponding tail lengths are
tabulated in table II. As can be noted from table II, the tail sizes
and lengths were chosen so that neasrly the same tail volume could be
obtained with either tail length.

The model was supported in the tunnel by a sting as shown in
figure 2. A b-inch-diameter, h-component, strain-gage balance enclosed
within the model body was used to measure the forces and moments.

CORRECTIONS TO DATA

The data have been corrected for the induced effects of the tunnel
walls resulting from 1lift on the model by the method of reference 7.
The magnitudes of the corrections which were added to the measured
values are:

ACp = 0.0045 12

The induced effects of the tunnel walls on both the tail-on and tail-
off pitching moments were calculated and found to be negligible.

Corrections to the data to account for the effects of constriction
due to the tunnel walls were calculated by the method of reference 8.
At & Mach number of 0.90, this correction amounted to an increase of
about 1 percent in the dynamic pressure.

The effect of interference between the model and the sting support
which could influence the measured forces snd moments, particulerly
those due to the horizontal tail, is not known. It is believed that
the main effect of the sting on the drag datae was to alter the pressure
at the base of the model body. Consequently, the pressure at the base
of the model wes measured and the drag data were adjusted to correspond
to a base pressure equal to free-stream static pressure.
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RESULTS AND DISCUSSION

The results of the wind-tunnel tests pertaining to longitudinal
stability and control are presented in figures 3 through 20, and those
pertaining to drag are presented in figures 21 through 25. It was
convenient when evaluating the effects of tail size and position on the
longitudinal serodynamic characteristics to select the moment center
for each configuration to yileld the same static margin at some condition.
Since the static longitudinal stability was the smallest at low speed,
the moment center was selected to yield a static margin of 6 percent of
the mean aerodynamic chord (de/dCL = -0.06) at zero 1ift and zero tail
incidence at a Mach number of 0.25. The resulting moment centers for
the various combinastions of tail size and location are listed in table
IT.

Longitudinal Stability and Control Characteristics

Tall off.- The taill-off 1ift and pitching-moment coefficlents
measured during tests wlth the wing in the mid or in the high position
are shown in figure 3. As would be asnticipated from the results
reported in reference 9, displacing the wing had no important effects
on the 1lift or pitching-moment characteristics at moderate 1lift
coefficients.

The longitudinal static stability of the wing-fuselage combination
decreased as the 1lift coefficient was 1ncreased from about 0.2 to 0.5
at Mach numbers up to 0.90. Additional measurements were made to
determine the Mach number at which this effect was the most severe.
These additional data (fig. 4) indicate this reduction in longitudinal
stability to have been the greatest at Mach numbers from 0.80 to 0.85.

At a Mach number of 0195, the stability increased masrkedly as the
1ift coefficient was increased. Since this effect was opposite that
which occurred at a Mach number of 0.90, a large increase in static
margin resulted for moderate 1ift coefficients when the Mach number was

increased from 0.90 to 0.95. This Iincrease in static margin amounted
to about 13 percent of the mean aerodynamic chord at a 1ift coefficient

of 0.k. (See fig. 3.)

Effect of horizontal-tail position and size.- The contribution of
the horizontal tail to the pitching-moment-curve slope is approximately
equal to

(@) P s (- 8))]
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The parameters within the brackets were found to have only small varia-
tions with tail size., The following discussion, therefore, is concerned
mostly with the effects of tall helght and tail length, The effect of
tail size has been considered to be merely a geometric factor by which
the control effectiveness and the contribution of the horizontal tail to
the longitudinal stability mey be varied. The values of the tall effi-
ciency factor n(qt/q) and the downwash e were calculated from the
following equations:

c%ntail on - Cmtail off)

e=atly - (3¢, /31y)
9g) _ _ dCm/Moiy
"(q) BRCEY

It is assumed in this method that the 1lift curve of the horizontal tall
is linear. Consequently, € and n(qt/q) were not calculated for angles

of attack for which the data indicated that the tail mlight be stalled.
The values of the lift-curve slope of the isclated horizontal tail used

(4Cy,/9%) 511

(4Cr/0%)4a11 off
by the method of reference 6.

in calculating the factors and q(qt/q) were calculated

The results in references 4 and 5 indicate the horizontal tail to
be destabilizing for moderate 1lift coefficients when located 0.20 b/2
or 0.40 b/2 above the wing chord plsne. The results of tThe present
investigetion (fig. 5) show that this effect, although reduced in
magnitude, also occurred when the tail was 0.10 b/2 above the wing
chord plane and was less severe with the greater tail length. At a
Mach number of 0.95, the destabilizing effect of placing the tail above
the wing chord plane was obscured since the reduction in the stability
contribution of the tail with increasing lift coefficient was compen=-
sated by an increase in the stabllity contributjion of the wing-fuselage
combination. (See fig. 3.) As is shown in references 4 and 5, the
adverse effect of increasing the tail height on the longitudinal
stability was caused by differences in the variation of downwash at
the tail with angle of attack. This cause is illustrated in Pigure 6
where the variations with 1lift coefficient of the ftail contribution
to the pitching-moment-curve slope and of the downwash factor
de

1= are presented.



NACA TN Lol ' 7

It is evident from the data of figures 5 and 6 that the horizontal
tall was stabilizing throughout the 1lift range only when it was in

either of the two lower positions bz =0 and %2 = -0.10) . Data
2 b/2

obtained to evaluate the longitudinal 8tability and control character-
istics at Mach numbers of 0.25, 0.60, 0.80, 0.90, 0.93, and 0.95 for
most combinations of tail length and size for each of these tail heilghts
are presented in figures T through 1k. The average effective downwash
calculated from these data for each tail 1ocation is presented in

figure 15.

Inspection of the data of figures 7 through 14 indicates that the

horizontal taill was effective as a longitudinal control for all
combinations of tail size and position throughout the Mach number range.
At low speed, 1t was posslble to balance the model at a 1ift coefficient
of about 1 with & taill incidence of about -8° for all configurations.
A positive static mergin was maintained et all Mach numbers with the
exception of a region of marginal stebility at a Mach number of 0.80
for a 1ift coefficient of approximately O.4 for some combinations of
borizontal tall size and location.

The variation with Mach number of the factors contributing to the
longitudinal stability is presented in figure 16. From these data it
can be seen that the change in de/dCL between Mach numbers of 0.25
and 0.95 was less with the tail on than with the taill off by between
0.02 and 0.04%, depending upon the tail size and location. This effect

can be traced to the diminishing value of the factor { 1 =- %% with
increasing Mach number. It can slso be seen by comparing parts (2) and.

(b) of figure 16 that (l - —) was greater when the tail was in the

lower position (-7— = —O.lO)

As noted previously, the longitudinal stability of the wing-
fuselage combination diminished as the 1lift coefficient was increased
from about 0.2 to 0.5 at Mach numbers up to 0.90. The pitching moment
contributed by the tail when located in or below the wing chord plane
varied with 1ift in a manner which tended to compensate for these
undesirable tall-off characteristics. Thies is illustrated in figures
17 and 18 where the pitching-moment coefficient caused by the horizontal

(acr/da) gag1
(801/49) 011 ore

and

tail per unit of tail volume and the factors

(l - g-—:) have been presented. (The factor n(%b) has not been
presented since it was found to be invariant with 1ift coefficient.)
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The Mach numbers of 0.25, where the static mergin at zero 1ift was the
least, and 0.80, where the tail-off pitching-moment variastion tended to
cause instability, have been chosen for this illustration. These data
show thet the stability contribution of the tail increased markedly as
the 1ift coefficient was increased beyond about 0.3, perticularly for
the greater tail length. This accounts for the improved pitchlng-moment
characteristics for the larger tail volumes, particularly when the hori-
zontal tail was in the wing chord plane. (Cf. figs. T(a) with 10(a) and
T(e) with 10(c).) The increased tail contribution to the stability for
1lift coefficients greater than about 0.3 was caused by increases 1n the

downwash factor ( 1l - -:TZ- and to a lesser extent by decreases in the

(aCy /da) 4g11

(401,/4%) tai1 ofs
(See figs. 17(b) and 18(b).) This increase in the stability contribution
was not as great for the tails placed below the wing chord plane as for
those placed in the wing chord plene. (See figs. 17(a) and 18(a).) How~-
ever, at a Mach number of 0.80, the static margin at zero 1lift was from

1l to 3 percent greater with the tail in the lower position than with the
tail in the wing chord plane. As a result, the minimum static margin

(at Cy, ® 0.4) was nearly the same for either of the tail positions at

a Mach number of 0.80. (Cf. figs. 8(c) with 12(c), 9(ec)} with 13(e),

and 10(c) with 1h(c).)

wing lift-curve slaope ag indicated by the variation of

Application of data.- The date for the two lower tall positions
were used to calculate the variatlon of tail incidence with Mach number
for an airplane having a wing loading of 60 lb/ft2 flying at an altitude
of 30,000 feet. The results of these calculations are presented in N
figure 19. The variation of tall incidence with speed indicated stick-
fixed longitudinal stabillity up to a Mach number of about 0.90. However,
with further increase in Mach number, the tail incidence required for
balance became more negative. This apparent loss of longitudlinal con-
trol effectiveness, which became more severe with .lncreasing normal
acceleration factor, was caused by lncreases with Mach number of the
static margin, without corresponding increases of the pitching-moment
effectiveness of the tail. The increase In static margin was caused
by the increase in the stability of the wing-fuselage combination at
moderate 1ift coefficients. (See fig. 3.)

Effect of Reynolds number.- The results of testa conducted to
evaluate the effects of Reynolds number on the low-speed 1ift and
pitching-moment characteristics are presented In figure 20. A change
in the Reynolds number from 2.5 million to 10 million had no important
effect on the low-speed stablility end control charecteristics of the
model when the wing and the tall were located on the fuselage center
line. Similar results, not presented herein, were obtained from tests
with the wing in the high position.
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Lift and pitching-moment deta presented in reference 6 show the
effects of Reynolds number to be negligible between 3.1 and 4.8 million
at Mach numbers from 0.6 to 0.9 for a wing of the same plan form, but
with & thickness-chord ratio of 3 percent. The 1i1ft and pitching-
moment data of reference 9 were found to be in excellent agreement with
those of the present investigation when the moment center was selected
to obtain identical static margins at zero lift.

Drag Characteristics

Effect of Reynolds number.- The drag coefficient and the lift-drag
ratios meagured during low-speed tests with the wing in the mid position
at Reynolds numbers of 2.5 and 10 million are presented in figure 21.
These data show that the drag due to 1ift was greater at the lower
Reynolds number. The resulting difference in the meximum lift-drag
ratio was about 12 percent. Similar results were obtained from tests
with the wing in the high position.

Effect of wing position.- The tail-off drag data are summarized 1n
figures 22 and 23. In figure 22, three measured values of the minimum
drag coefficient for each of the wing positions at each Mach number
have been included to give an indication of the magnitude of the
uncertainty in the measurement of drag coefficient. These data indicate
the average minimm drag with the wing in the high position to have been
slightly lower than with the wing in the mid position. However, the
lift~drag ratio with the wing In the high position was, in general,
slightly lower than for the wing in the mid position. (See fig. 23.)
This latter result is in sgreement wilth the results reported in
reference 9.

The values of 1ift-drag ratio measured during the tests reported
in reference 9 for a wing of the same plan form, but with a thickness-~
chord ratio of 3 percent, were greater by between 10 and 20 percent
than those obtained during the present investigation. The higher
minimum drags measured during the present investigation due to the
presence of & vertical tall account for part of this difference. The
remainder of the difference in lift-drag ratio was caused by a higher
drag due to 1i1ft. The difference iIn drag due to 1ift might be due to
g difference in Reynolds number, the Reynolds numbers being 2.5
million for the present tests and 3.1 and 4.8 million for the tests
reported in reference 9.

Effects of tail size and location.- The preceding discussion has
illustrated that the drag date from this investigation should be used
with caution if comparisons are to be made with resulits of tests of
other configurations at different Reynolds numbers. For this reason,
the difference in lift-drag ratio between the tail-off and the balanced,
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tail-on conditions is presented rather than the total lift-drag ratio
for the balanced conditlon. These data, which were taken from faired
curves, are presented In flgure ok, 1In general, the drag lncrement due
t0 balancing the model decreased with increases in tall size or length,
was less for the lower tail position, and increased rapidly as the Mach
number was increased beyond 0.90. These trends can be easily verified
by estimating the increment in lift-drag ratio due to balancing the
model from the tail-off pliching-moment coefficients and the increase
in minimum drag coefficient caused by the tail. Such an estimation
has been made whereln 1t was assumed that the 1ift contribution of the
tail was equivalent to the force on the tail normal to the fuselage
center line, and that the induced drag caused by this 1ift was equive~-
lent to that for an elliptical span-load distribution. The following
equations for the drag polar for the balanced condition resulted:

o cor . Cmiat1 orr
Itm = ¢ Ttail off Y E

2
Cite11 ofe
Cp = Cp + AC + ( St h
Cm=o0 tail off ~ " Potay ~ \ 5y nhtasl
The value of ACDO was taken as the average messured increment in

ail
drag at zero 1ift caused by the tail at an incidence of 0.2°. The
following table liste these values: .

" Doyasy
Sy = 0.167 S, | S4 = 0.219 8,
0.60 0.0009 0.0012
.80 .0009 .0012
.90 .0010 L0014
.95 .0020 .0028

The increment in lift-drag ratio due to balancing the model, evaluated
by this method, is presented in figure 25, The calculsted increment is,
in general, slightly greater than that obtained from the drag measure-
.ments, but the effects of taill size, tail length, teil height, and Mach
number are in gqualitative agreement with those obtained directly from
the drag measurements. "
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A large part of the effect of tail size and position on the 1lift-
drag ratio for the balanced condition at & given 1lift coefficient was
dependent upon the magnltude and the algebreic sign of the tail 1ift.
This accounts for the smaller decrement of lift-drag ratio for the
larger teil volumes and for the lower tail position. The large decrease
in the lift-drag ratlio due to balancing the model at Mach numbers
greater than 0.90 was & result of a decreasing load on the horizontal
tail (or increasing down load) with increasing Mach number as well as
the large increase in the minimum drag increment due to the tail,

m [ ]
Dogail
CONCLUDING REMARKS

The present wind-tummel investigation hes evaluated the effects of
tail position and size on the aerodynamic characteristics of an airplane
configuration having a thin triangular wing of aspect ratio 3. It was
found that the horizontal tail was destabllizing at moderate 1ift
coefficients when placed elther 10 or 20 percent of the wing semispan
above the wing chord plane, and stabilizing throughout the 1ift range
when placed either in the wing chord plane or 10 percent of the wing
semispan below this plene. For the latter locations of the horizontal
tail, the drag due to balancing the model wes found to decrease with
increases in either tail slze or talil length, was less with the tail
below the wing chord plane, and increeased markedly with increases in
Mach numbers beyond 0.90.

Ames Aeronasutical Laboratory
Natlonal Advisory Committee for Aeronautics
Moffett Field, Calif., Dec. 15, 1953
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TABLE I.- GECMETRIC

PROPERTIES OF THE MODEL

i3

Wing

Aspect ratio . . « « . . .

Ares « . ¢ 4 ¢ 4 s e e e
Mean eerodynamic chord . .
Span - L] - a - L] - - -

Horizontal tails

Aspect ratio « + . . . . .
Teper ratioc « « « ¢ « o« &
Seetion . . . . . &

Ares
large tail « ¢ ¢« ¢ « . .
Small tail « « « « ¢ « &

Span

Aspect ratio (geometric)
Taper ratio . ¢« « &« + o &

Span .« . . P

Sweepback (leading edge)
Fuselage

Fineness ratio

Short fuselage « « « + &
Long fuselsge . . . . .

Taper ratio . . « + « « &
Section . ¢« ¢« o ¢ & &+ & «

Sweepback (leading edge) .

Pivot line (fraction of root

Lerge tail « o ¢« ¢ ¢ « o &
Smell tail . . . . .
Sweepback (0.50 chord line)

Section .« &« & 4 ¢ 4 ¢ ¢ o &
Area (to fuselage center line) . e

Vertical tail (leading and trailing edges extended
center line)

NACA

. . 3.00
. . 0
0003.5-63
4.000 %%
1.540 ft

3.463 £t

53.13°

. -« 4.00
. . 0.33

NACA 0004-64

. . 0.5

0.876 £t2
0.666 £t2

1.868 £t
1.628 ft
. . 0

to fuselage

NACA

e e 1.5
. .« 0.16
0003.5-64
1.067 2

1.290 ft
. 54,00
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TABLE I.- GEOMETRIC PROPERTIES OF THE MODEL - Concluded

Fuselage - continued

Coordinates® (long

Bage 8ref « ¢« o ¢ o ¢ o o 8 o s s @

fuselage):

Distance from Radius,

nose, inches

inches

o}

5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
51.25
57.T5
61.75
65.75
69.75
72.00

RPRPOVPPDWWPPPOPPDPOPD P

o

ERE8E88REIIVEES

0.1302 £t

lRemovable section from 51.25 to 57.75 inches from nose
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TABLE IT.- MOMENT CENTERS, TAIL IENGTHS, AND TATL VOLUMES

15

Tail height, | Tall size, Tail length, | Tail volume,
” /(b /2) St /Sw Moment center 1t /E V

-0.10 0.167 0.3k2e 1.183 0.198
167 .365¢ 1.510 .252
l .219 .372¢ 1.153 253
219 Ah15¢ 1.460 .320
0 67 .330¢ 1.195 .199
167 .3h9¢8 1.526 .25k
.219 .346¢c 1.179 .258
.219 .375¢ 1.500 .328
.10 Jd67 .381¢ 1.494 249
.10 .219 .379¢ 1.146 .251
.20 167 .hosc 1.470 246
.20 219 Aho6c 1.119 245
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Additional geometric data including
tail lengths and moment centers
are given in tables Tand IT

Removable section
of fuselage
20.78 '

Pivot
line—"]

(—— 23 4] — > 27.72 ——>

ﬁ\ 1
54.0% ,
5736 ! 15,48
— 2.08 ~ —LJ
—< —— X S T, T Pt - i
- - — e e ———— - - e ~
’ L
I L 416
51.25 —316.50 le— .
67.32 >
72.00

Dimensions in inches unless otherwise specified

Figure l.- Geometry of the model.



18

NACA TN hOhl

A-18664

Figure 2.- Model mounted in the wind tunnel.
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Figure 4.~ The tail-off piltching-moment characteristics wlth the wing in the high position for
Mach numbers from 0.70 to 0.90. Moment center, 0.415¢.

I 1 1 | |
i o A \4 D>
M 1075 080 083 0.85 090
. ‘ !
1 I P

Fogie

[E

Lo
R

EERE

3

K’

d——<—aladia

i

i

\

A |

I
5

A |

A
X
>

I3
)T
T
i

&

X
|
)
|
1
N

X
I

08 04 0

Pitching—moment

—04 for M=070
coefficient, Cpp

611

THOH NI VOVN



NACA TN Lokl
1.2
) o & s et
10 ‘ po :;T v; Rl L,
- AT
8 ’\‘Q ! \,I;Q’F—_ - 4 2
ol Y g R
-6 \(': '. \F S
; W 5|
o M=0.25 bo) M=2080 ¢
Al y
0 drd
5'-2 u wﬁ}? 5%
;:: B\ ~0.10 —
kS S © 0
g 10 . B .10 [
. —~ = o o  .20(—
- % j; J //' ] N
8 g-{ 1] o4 Q
- 6 . }{/ t(,
rae H "
4 4
4 ; H :
7} /N
0 M=0.90 » M=0.95 7| )T
. 1
0 o '
-2 I'J )j g
e o ISUNACA
-4 r

J2 08 04 O -04 -08 =2 -I6
08 04 0O =04 -08 =2 =I6

Pitching—moment coefficlent, Cm
(a) 14/ = 1.2, S/5,; = 0.219

- Figure 5.- The effect of tail height on the pitching-moment
characteristics. it = 0°.

21



e2

.2

Lo

Lift coefficient, C_
o

NACA TN hohl

B :
O 14 ﬁ/ﬁ ,
' £ E
e o L 5
RN AN
¢ i
Yii
M=0.25 M=0.80 :
4 |7 -
3 B —0.10 —
. © 0
Y | 10—
z & .20
( . X N
Q\ o /3,/ yul 2
T ~
oE _
RI' > 0
N
M=0.90 M=0.95 -
”) ';-\
y, = v
3 /
: I NACA
08 04 O -04 -08 =i2 -6
08 .04 0O =04 -08 <=2 «l6

Pitching—moment coefficient, Cry

(b) . 14/ 1.5, 84/, = 0.167

Figure 5.- Concluded.

-



NACA TN 40Ul 23

I.O
— » P/’_ // L~
8 panill - — - // l /‘ //' /AV
Sl / AE4ANERY SN
6 i ] /] L |
~‘\ ~ ’/ ) \ I
a N / N
e L1
o2 5 e S, =029 T
% b2
g% —— o
EIO °
S
£ —— 10 PN /
8 8 ———— 20 J j/ ,/’/
g /1Y T
y 5 [/
| 1/
4 W |
\l\ y %_ =I5 \ [}
2 1 =0le7 f
s\ §/Sw 6 [
o \
3 2 R (o) | -2 -4 0 4 .8
dCm\ __ (dCm) _ de
(dCL)fall On(dCL)toll off Q da
(a) = 0.25

Figure 6.~ The variations with 1lift coefficient of the contribution of :
the horizontal tall to the longitudinal stebility and the downwash

] factor <3_ - QS) . iy xO.
da,



ol NACA TN Lhobl

1.0
PRy 7% |
. 1 NaP P2
([ B4d4d A
\\ / // ~\\ ( //
6 (17 << |
\\ N i
4 > / \,‘ |
be =12 N
:'2 < 5}§_=o.2|9 \‘i\
vz ) X
3% ——-o10
%l.o °
£ —-— 10 [ \ )4
8 —--— 20 \[ | I/ J
s 8 - . 7
e | i’ / p
. 1/ \} | //
b /'/ h ’/
a N\ | /1 \ |/
| NV VT
‘ Y% =15 ]
2 ‘ i Sy, =0167 —
\ , \
° 3 2 0 =1 =2 -4 (o) 4 8 10
d_cm) —(49Cm Q _ d¢
dCy /ioit on\dCL Aol off da
(b) M =0.90

Figure 6.~ Concluded.




12 T
1.0 ¥ 1e5 7 iz A9 A o |
L L ] / =~ 7Y ¢/
8 0_3303'—-/ -g%' uO.IB‘f\ o 'J
6 ' © Toil off NA © T
L F V: Z8 R %%
© ¥ o i, =160 [TILASH
" 4 v L ]
.§ A i-‘. "5.9u 4‘_.1, A K- ¢
& . T:
‘® 2 v |.| 5.8° J [14 ]
o
Q B> || —7.8° ﬁ
E 0 #h A
: il
-z o "y .
L4 iz
~4 ' Rt
-4 O 4 8 2 16 20 24
Angle of attack, a, deg 2 08 .04 0 =04 -08 =I2
Pitching—-moment coefficient, G
(a) M =0.25
Figure T.- Lift and pitching-moment character tifzg. Moment center at 0.3308, 14/ = 1.195

is
By/S, = 0.167,

b2=0'

THOH S VOVN

Ge




o2

D

o

Lift coefficient, C|_

o

LT 1P .
s (T A £ -
=1 AT
0330% -g";-o.ls‘!\ ' y!y(
B P T
0 '>
i [ & Tail off J Q'FY-E?
i o i =0.2° A&lp
, & bk =-16° IHiTLY:
a =3 | Af
s v iy =-58° i)
B > i =—78°| § s
id 48"
3 0 4 8 12 16 20 24

Angle of atlack, a, deg J2 08 .04 0O -04 -08 =I2
Pitching—moment coefficlent, G,

{(b) M =0.60

Pigure T.- Continued.

THO® NI VOWN




L2

2
&
e L. 77 A 2
J | \ 5q /’ =
i —— S ¥
8 A PN -/
6
S © Tail
4 ol G ail off
[ : ] e
5 L & IC P
% ) [ ]L O Iy =-1.6°
S ;[ A iy »-39°
S o s 7 —? v Ig =-58°
J. ( £ B i' =-7.8°
-2 "Z Y; 1
| { JAVAVEZAL ,,
[Faa .T‘-w?
-4 L

-4 0 4 8
Angle of attack, «, deg

2 .08 .04 0O -04 -08 =Il2 =6 =20 -24
Pitching—moment coefficient, Cp,

(¢} M =0.80

Figure 7.~ Continued.

L3




Lt cosfficient, G

- 1
3 - 1ss - N
——=p 1= /ﬁ/g'/ 74

oot /}5/723 ffé-:r :ﬁr

.6 AA e E/E(

ﬁé #i © Toil off
4 i @ i = 0.2°
& iy =-16°
i A iy =-39°
v i =58
' b i, =-78°
|

R s =

4 g0 4 8 12 16

Angle of attack, a, deg 16 J2 .08 .04 0 =04 =08 —=l2 =-=l6 =20
Pitching—~moment coefficient, Cm
(d) M =0.9

Figure 7.- Continued.

Qe

THOH NI VOWN



THOY NI VOVN

1.0
o ;
8 ‘% = LI96 ——— /] v |
N . ; A~ A
6 o3soz~/ £ 0,167 f;:’/” %
5 % - LA r '
< 4 , ) AV © Tail off
3 ' iy, ; /' / '{ o iy =02
% 2 ] y x ¢‘. 104 i't *=].6°
8 _ f L A0 A 1y =-39°
5 o IO A v I 50
o AL 2 b 1y =-7.8°
_.2 7 —':I{.j. l§‘
_% JAVAVAW K-
4 { 21N
40 a4 8 12 ' '
Angle of attack, a, deg 16 J2z .08 .04 0 —-04 ~08 -i2 =i6 =20

Pitching-momeni coefficieni, G,

(e) M = 0.93

Figure T7.- Continued.

62




Lift coefficient, G

1.0
1t
= = 195
g
.B {— I ':S—I\. 4 A ):]
0330t~ %%'.:0.1673 Y 4
.6 ' 71_/’ ﬁ Qg
s M 1 A
4 A AN oF
A 7
AN
> % ' © Tail off
| ] 4/ (j_/’-ﬁ @ i, =02°
o f /’,1_"" / |g s © iy =-1.6°
F g ) 14 Y;/-LL I_{-)‘ v 74 A i! ‘-3'9°
> ; AR ¥ v i =-58°
: y/ BTV 17| 71 7 Wi _woe
" I/ (ﬁ g If .0
25
-4 : <

-4 0 4 8
Angle of aftack, a,deg

12

16 12 08 .04 0O =04 =08 =|2 -=I6

Pitching-moment coefficient, Cpn,
(£) M =0.95

Figure T.~ Concluded.

Of.

THOY NI VOWN




12 A2 A
lt, o9 A
2179 ——— p
1ol — —-_7{// AL el SR /1
\aﬁ%-azmh : #?;’
8 L F ,
A B4 7
.e YEE
y s ol
© 4 1 Wbk |5 o Tall off
_§ . 5] J . [;!I 8 - o2
g, t A ] O iy =-1.6°
8 I, S AL A iy »-39°
56 . Pl v b --58°
o D || ""7.8’
-2 ; i
VIEAZAE:
-4 _ =

-4 0 4 8
Angle of aftack, a, deg

Figure 8.~ Lift and pitching-mcment characteristica. Moment center at 0.3462, 14/ = 1.179,

2 16 20 24
2 08 .04 0O =04 =08

Pitching—moment coefficient, Gy
() M=0.25

B4/, = 0.219, 575 = 0.

=2

—I6

THOH NI VOVN

TE




1.0

™

Lift coefficient, G_

1t

St

03465 — & «0.219

|

S o s
g

'ﬂ"‘[ﬂ-l-,m__ﬁ_ o

JTI o Tall off
1 . @ .02
D I 0 i‘ "—l.S"
; 11wl 7T A1 .
gm | AVEVAY, ol Bt
] I S I A R IS Vo580 | | |
- 1 4 % P iy =78
| F A0 1E]
1 1 | e
3 0 4 8 27 16 20 24
Angle of attack, a, deg 2 08 04 0 -04 —-08 =2 =16 =20

Pitching—moment coefficient, G,

(b) M =0.60

Figure 8.- Continued.

2t

THOH NI VOV




ot e —— ——

@

Lift coefficient, G_

: D

%'I.ITQ—M T a/‘ ‘/Bu ﬁ

5
03467 — %-ozas ? o o //ﬁr
; A
* ) 4
7 il -
/.74 AT TIT Y
74 4R S . )
7 A4 7
J B © Tail off

: I O iy 0.2°

? > A AL . '0' i'l' '—I.S'

7 F /(B A iy =-39°

17 ik % v iy =-58°

; B W IAl ¥ E b f. =-78°

By 7 17 if? _ R B

R
bt s
-4 0 4 8 2 16 20 24

Angle of aftack, e, deg 2 08 04 0 -04 -08 =2 =i =20 -4

Pltahinnmnmant nraaffiniant M
[ Iluﬂll‘ LIRI A AL "0 0] WWIGE I N L¥)
(¢) M =0.80

Figure 8.- Continued.

THOH KL VIVN

EE.




Lift coefficient, G

||2 r
%&HlJTg_*_‘T"\ ///7 ﬁ?’z‘ 5 P /é>f////E
0.346T §‘1;.o.2|9 /< s r@k /iirf
: /55,0’ /

~px

_Vh§j?ﬁ>JL
=
|

v d Do
R U ©
i
g

71 A i ==78°
S/ Syl Y1 4 ld
/A [t 7 Pl [
4 gv]° &~
=4 0 4 8 12 16
Angle of attack, a, deg 16 J2 .08 .04 0O —-04 -08 -2 =6 =20
Pitching—~moment coefficient, Cp,
(4) M =0.9

Figure 8.~ Continued.

®E

THOH® NL VOWN



l, 5
1.0 1 T 'IEM g
-<=:::__,--ﬂ>—-4 —] A Ay - =
8 osa6t—/ ssi-ozla\ — z/& ol E
I el
o (! J/E//’K ,/,,//
8 o r
’ i Y V7l [#PF
o 1 ] 77
- A J ,/ ./ /’( d
s . 4 |71 /1] © Toil off
£, ' T A TH 3 o i oz
o Pl y |/ oS! & Iy =-1.6°
5o G i & XF A k-39
; 1A | /E 7 iy *-5.8°
_ 4 /1 & % D> i, =-78°
._.2 F Al AL A i f T
P ELA /] ¢
7 7 14 (&
-4 1> ﬂi k'
-4 0 4 8 12 '
Angle of attack, a, deg A6 J2 0B .04 0 —-04 -08 -I2 =16 =20

Pitching-moment coefficient, Cp,
(e) M =0.93

Figure 8.- Continued.

Gt



Lift coefficient, Gi_

[

Q

1. —~—
b ]
e ——— e | ST /‘A/o fﬁx/
L 0346t — %w.zrs\ P ,//5/ J%E/
: V0 A
ﬁ%/} //_ A :/ID/
4 2 W2V X A/ To Tail off
Y/ P |/ LA
g A VIA F O iy *0.2°
Y/ P A AR
VA, 2 1 t
) B J v A - A i' "3-90
P YA 1 X v iy =-58°
JTd VL 1S B iy =-7.8°
. b #ﬂ , 9
/4 /’E; VRSN Es
1 T
-4 0 4 8 12
Angle of attack, a,deg 16 2 08 .04 0 =04 =08 =R =I6

Pitching—moment coefficient, G
(£) M =0.95

Figure 8.~ Concluded.

™



.2

s S
Loj—| e 7 ZAM: QT 77 5.4
T —%— | =] ; g K4
.8 03495~ %{-'=o.157\ o s ' $;5)3
6 ¢ PP
; _ A [ © Toil off
f-'.4 ( R KX O hy=02°
s FTNIET T o ye-ree
% 2 : JV q/ R 1 A ipn-39°
8 ] A v iy+-50°
~2 y ‘ [ H " O— 1 . - —
JId] 2 95
_4 L] |
TT=4 0 4 ] 12 16 20 24

Angle of attack, e, deg

2 .08 .04 0O =04 -08 =R =I6 =20
Pitching—moment coefficient, G,
(a) M =0.25

Figure 9.~ Lift and pltching-moment charecteristics. Moment center at 0.3492, 14/¢ = 1.526,

Bt/8y = 0.167, WZE = 0.

ThOR NI VOWN

A




L2
4 =526 7 h LT
(Re) - - 0O Va0
——1 [ = o M
.8 0.3496-/ %“0.]6'}\
)

B
o e
Q. 4 © Tail off
8 [ O i =0.2°
% 2 ’ @ It »-}.6°
8 ) J ? A L =39°
£ G »—
39 ' v lt. 58°

i v d B> iy =~78°
-4 | 2 E.
=4 0 49 8 12 16 20 249
Angle of ottack, a, deg J2 08 .04 O -04 -08 =12 =i6 =20
Pitching—moment coefficient, Cm
(b) M = 0.60

Figure 9.~ Continued.

ot

TRO® NI WOWN




NACA TH Lol
_
" - <
o
\ x
o : /. o
o
)
©
e N g bbb I
Sor?iy )
.Er mw N T T
N e OoOdadDb A .
NN X | .
.AmWﬁ//,vawrr Mwuur/ ] Jw
-l wnmv.. o
: S—ciErle|
R WA Semn
) AR
rf/u: NN . - <
e 0 /PI /nv/..—/ - o
Ju i e P\ T
™= % 8
-
o
o
,. N m
N N
nu//“ R S E
o]
ﬁ_.' B m
&k S
< .m..
8| e £
: mm 06
= S G MW
| .Lwl.ﬂ
o ®w @ ¥ o o o %
To ‘ue1diyye0d yn !

M= 0.8

(c)

Figure 9.~ Continued.

39



1.2
I g o n
1.0 3 - 1526 // o) L
_ 11 = : | @¥ p iV
8 03a9e— - o167 - V"/,ﬁ/ﬁ/rﬁ/ £
NA X | ,}:r
6 //Bf AT /E{
' . e d
5' - V. ' od
o 4 jy .4 ¥ | ¥ V1 1o il off
% . f g i S / B iy«0.2°
% 2 4 14 @ iy =167
o [ , SSE A iy =-39°
T 7 r4 i & Oln| — s
3 Pl Y LAl PN A2 B
y Jri # : B> it »=7.8°
X ¥ 1d
/ L.__l‘ L4 ot
v R
4 8 12
Angle of attack, a, deg 16 J2 .08 .04 0 ~-04 =08 -I2 -~lI6 =20

Pitchina-moment coefficient C_
ching nt coefficient, G
(d) M=0.9

Filgure 9.~ Continued.

THOH ML VOVN




THOR NI VOVN

Lift coefficlent, Cp_

% = | 526 m7
] T T e J%ﬂ
: 03495/ -g'—';ro.lfs?x — i ?
Bravrd
.45‘ Z 4
: A i
- v 4 7V VItT7 e .
4 > |/ 4 id © Taii off
V f / / 0 iy =0.2°
A ¢ A7 & iy =-1.6°
s {op A iy =-39°
3 4 o ) \v/ if -—5_8°
: FPIZ] A |4 g:j,f A 7
ny L g
AN NN S
-4 0 q 8 12
Angle of ahtack, a,deg 6 2 .08 .04 0O =04 =08 =12 ~-I6
Pitching~moment coefficient, Cp,

(e) M=0.93

Figure 9.- Continued.

TH



Lift coefficient, C|_

1.0 N
2 <1526
8 - ———] | =]
ﬁ osa9z—  L:oier — '/5,/'13
6 S
/ﬁ/ﬁ
/j/ K/G/'Ja/ © Tail off
4 PV IA VY /| 1a =02
2 /LA / O iy =-16°
' /N4 A iy =-39°
0 A AE-S: v iy +-58°
° L] 4 kd b iy ~78°
" A X g
V 1/ /
vV 2T [
_al ¥ Kl N
":@.}7
-4 0 49 8 12

Angle of attack, a,deg

2

fomm  mnmimm

i6 A2 .08 .04 0O =04 =08 =I2 -6
c

(£) M=0.95

Flgure 9.- Conecluded.

ol

THOH ML VDN




=
12 ﬁ Lot >
| RPN ~ A AT =
TSI g/ T =
1.0 —fe D € 57 /,0 e 2
0.37565 o 0219 #a Y V. vd
.B ot (-g:c‘ v 7 P ;./
| )&x/ AV* ¢/Q}“f
.6 | : B :
5 ANLt & P
‘)_ . I )v'\ I‘( -
§° TN o Tall off
% 9 4 ) / @ k= 02°
8 v r O y=-16°
5 0 4 7 LAL_KAE A 3
s v £ 8 : v h=-58°
Babh e
-2 .;,l 3T
a0 4 8 2 6 20 24
Angle of attack, a, deg 2 08 .04 0 =04 -08 =—I2 ~I6 =20
Pitching—moment coefficient, Cpy
(a) M =0.25

t and pitching-moment characteristics. Moment center at 0.3758, 1/@
= z
st/sw 0.219, o7 0.

1.500,

€



. , YOS
I%H.SOO——'-—\_ y : S
1.0 e I —;7 87 o e = —
0.375¢ %’-0-2!9\ FR AT f%‘, J’;g A
8 772 D | AN | o
Y % #ﬁ-‘ ?/‘f o
6 : ¥ :
JI AT
IRV AN;
f _)J b{l }‘.‘l © Tail off
4 O =02
/‘?7 J # & he-i8°
# ﬁf ol A l=-38°
PNy v i-sm
YA
[ 81
—4 e
" o a 8 2 16 20 24
Angle of atiack, o, deg 2 08 04 0O =04 -08 =12 =6 =20 =24
Pitching—moment coefficient, C,
(b) M =o0.60

Flgure 10.-~ Continued.

fth

THOW NI VOVN




0

)

Lift coefficient, C_

woy
4. 500 >
v , 0) G t—:"ﬁ
03756~ 2 =0219 > o7 N g0 LA g
; _ ol
> A § ) £ #
- woOl /T 7]
¥ 7 W 4 'r /E
1Y i __ﬁ;/' :
Y ﬂé ﬁg{ 1%
: | ' o Tail off
74 AVERE-N: O L= 02
{ ¢ [{ @ lt"'l.6°
J ; g J% .!‘" A it--ag"
' Y|4 :é E v l-58°
A
) ;
1 R ST v

-4 o 4 8
Angle of attack, a, deq

12 16 20 24
2 08 .04 0O -04 =08 =12 =6 =20 =24
Pitching—moment qoefﬂclent, Cm

(e) M =0.80

Figure 10.~ Continued.

THOH NE VOVN

o




L2
{] o)
1.0 -1.500——\l‘_
i (;7 €f>)v e ,,/” -
- ’ s
8 0.375¢ %*: =0.219 /;n/ a7 . ped
g = % pd
6 ; of :
i //' J{A ' 4 Ij/
(5)
4 15
.:f: : / ;( © Tail off
£ 2 A b |7 o =02
8 7 / A 5 [ 104 ly=— |..6.
9__=| 0 f g '. r A j=~-39°
D 14 A d ©
T
~4 v e
! o] 4 8 12 16
Angle of attack, a, deg 6 2 08 .04 O —04 -~08 —J2 =6 ~-20 -24

Pitching-moment coefficient, Gy
(&) M = 0.90

Figure 10.- Continued.

THOHW NI YOVYN




1.0 %}-L500-—F::1L_7741/;7
—_— —;@—I 1 : CH
8 oatoz/ oz |2t ke
: - Se T 2T
p: /‘/;/ - /‘Cf“ﬁ/
6 jf el o -7 RV
3 : /| N 9 | B g .
s V: ?[ ( 11/ o Tailoff
% JULL L @IPIFL | e i o2
X % [ / }( d g : & 18
E < : Py ! A -39
-l 0 o A s '
; A
’-l
A Jl 1
a0 a4 8§ 12 )
Angle of attack, a, deg 6 J2 08 04 O —04 -08 -I2 =I6 =20

Pitching~moment coefficient, G,

(e) M=0.93

Figure 10.- Contlnued.

THOH NI VOWN

Ly




Lift coefficient, G
N » ®

[®)

A
ro

4 .1s00
T " I: \ 4 : =
— 7@{ | ~// Lol 2 F/d
0.378% EYrPNEg 2l I & Ve
. S : r-
A lA &
Y £V i/V 1o Tailoff
T { e
) ﬁ 0 = 02°
4 [ {PE | [0 e
/|l A j~-39°
4 | A v =-58°
—‘éu.r | lj- 7 !'-‘
: 41 |4 G
SRR
-4 0 4 8 12 —
Angle of attack, a,deg 6 g2 .08 .04 0 =04 =08 =R =I6
Pliching~-moment coefficient, Cp,
(£) M=0.95

Figure 10.- Concluded.

THot NI VOVN




2
T g
2 . =
-1,‘ = 1i83 : Br i : §
= 7 b ol VT LA :
1.0 = = > ;
osaee—/ %}'-o.us-r\ % V4 .
8 4 3
6 p\ | ..'LF]
5 s 7
— J'w'[ U #l
: gy L |4 n
& 2 T N & |© Tail off
E ’ P _ ] lf = '0.2"
50 ﬁ T |4 lp=-39°
1 L;_ ! Ne l} i._ z_zeo
— ol FLl - Y I
-2 e
I CA
30 a4 8 R’ 6 20 :
Angle of attack, a, deg 2 08 04 O -04 -08 =2 ~—I6
Pitching—-moment coefficient, Gy
Filgure 11.-~ Lift and pitching-moment characteristics. M = 0.25, moment center at 0.342¢,
14/ = 1.183, 8¢/Sy = 0.167, b”*z = =0.10. &




12 )[[:;l, g 2
71 gy
A 183 A . /-"!?_)”
0 ://?' T ATAE z
0372% -0.28 © E, : :
. < A ? 4
. 0} D -+
J' - T 1 (2 ;
° yi8 T
- — — } B S B M 2 Xé ?,lf - 7,( T
(&) > 5 0
-E" 4 : N - .
5 ; PN o Tail off
o D ato
= ! p A A D |'= 0.2°
§ 2 7 7 l ot B s t__tna
by ! 4 > / & K=-ib
5 e Js i % A i=-39°
v : : B > ly=-78°
TTIA8EF T
- I R
-4 o 4 8 12 6 20 24 )
Angle of atfack, o, deg 2 08 04 Q0 ~04 -08 =12 =8 =20
Pitching~moment coefficient, Cpy
(a) M =0.25
Tirmira 19 - TiF+ amd nitahdmo_mamamd akhawoadand odd oo ard amemdiarm ok A ATAT 1. f7 v aEa
A LWL T L e dd bbby CRIL ML WO LI TAUILALC L b CLICLL O UC-L LD bl D e FlULICLL b LTLLWEL GUL WUe 3 [Cly b'b,L. = .I-OJ_)J’
84/Sy = 0.219, = = -0.10.

0G

THOYK NI VOVN




NACA TN Lob1

-20

-6

ol 4

-08

(b) M = 0.60

Figure 12.-~ Continued.

Angle of attack, a, deg

g trNeay
% sor @l
’./H = 2% W5
A °modb
A
XN e BN |
/» ,M_/ P el
TS .
N lAvllAw. 2 T .
Y Aif@u_n.wwn..m.
o, /D ..\mY.\Q l.ll.ﬂ/
Fopre ,
, Tl
oY
o8 o
TS ,
mv = L]
&E |
/ <
[ 1 {-
Bl E : o
n Q A
24 P
N
. “ LW ...___.
89 =W ® % ~ o o ¥

o ‘weppieor i



Lift coefficient, G

1.2 gfl I , ,/ﬁ“' -
s ’*Slf | ’;K:fﬂ%fkkjﬂ’
o i é/;,— P ﬁ B A
osree— £ .02 1 .2 cfﬂ‘//,: ,';b/ﬁ -
9 AV
.s Fali AP
_ L d L IALL
. % dli
' ¥/ olp |7 o Tl off
: % é o k= 02°
-2 = /4 :?_ o 74 . & La-186°
z | » MG 1
; r/ ﬁ[_ A l'l'--aso
° b [f . B> [..."_7.8"
=z 28 ' E
| { Y Hd
A T | ] RS
V-4 0 4 8 12 16 20 24
Angle of attack, <, deg 2 08 .04 0O -04 08 =12 =16 =20 =24

Pitching—moment coefficient, Gy

(e} M=0.8

Figure 12.- Continued.

3G

THOYw NI VOVN




=
g
1.2 I i | l %
o e T A LA z
- jjrl =] HLA / e AT
.8 0372T - 0219 f o4 e )
6 7/ B VAW
s : A A A
R | r// 4
= 4 :
= ' g; # © Tl off
& 7 1> - 7 T 00
€ 2 / vAR-8I; o i 02°
8 i A ldd o l=-16°
55 | KT 4 d7 A ip-39°
Br = II; (: . [} if--mo
-2 l“- < (J #
{ f / d/'
y i S
l e

-4 o 4 8 12
Angle of attack, o, deg

J2 08 .04 0O =04 =08 -2 —-I6 =20 =24
Pitching-moment coefficient, Cyy

() M =0.90

Flgure 12.~ Continued.

€6




1.0
. -% = 1,15 . -
o 7 ) ’ /:/‘:‘:/
-~ = 4 p. 2l B - "
. —/ ] \ 74/ j% (':/ :
Q372T = 0.219 v

6 % % J/ /4(/
& v X I g
-4 ¥ @f AV ay: Tl
2 / 17T V1 Jo i off
L
“‘g 2 /( i F @ |.|P0.2°
8" } A ¢ & ip-16°
% 0 : r[’ /’ﬂ s 'Tl}j A ip-3ef

| 11 b iy==78°
-2 : A’ '. /' /U
%. | : =y
A\
-4 —F =
-4 0 4 B 12
Angla of attack, a, deg 16 J2 08 .04 0O —-04 -08 -l2 =I16 =20 —-24

Pitching—moment coefficient, G
(e) M =0.93

Figure 12.- Continued.

ut®

THOH NI VOV



THO% NI VOWN

L/ osrer— Jozwes A | L Aot
. = o AN
1/ Vid & _
r VAW 1A VA O Tail nff
/. F_JL .IUII Vil

LIft coefficient, Gi_

Q

<]
™,
. \1}\\
'y s
v PO O
% T
bt
b
9 o°

o |
o

L , _d [
]T 1 1
-4 0 9 8 12

Angle of oftack, a,deg & 12 08 04 ¢ =04 =08 =2 -id

Pitching-moment coefficlent, C,,

(£) M=0.95

Figure 12.- Concluded.

GG



1.2
: >
¥ -is0— ,—/(7 : 4 : = /D/—;ﬁ?>
1.0 - !l: I I — . B v y y : % Ia
03658~ ga o167 > < : 4 .
B TR
: " {/
6 1 1% '
’ ! PN K
S [ \ Y(lfu
o4 o7 AL % T -
5 {|d|» © Tiilo
% > [ T B I*" 0.2°
8" ¥ ¥ & L=-16°
E 0 ; | g A '15"3.90
. S
— (% 5
=2~ g AT
. LS
S NACA
=4 0 4 8 12 1§ 20 24 T
Angle of attack, a, deg 2 08 .04 0 =04 -08 =12 -I6

Pitching—moment coefficient, Cr,
(a) M =0.25

Figure 13.- Lift and pitching-moment characteristics. Moment center at 0.365¢8, lt/E = 1.510,
S4/8,, = 0.167, —5- = -0.10.
/8y [y

g%

THOY NI YOVN




A
O
K
%

t\_ﬁ\‘\ 5%7

THOW NI VOVN

I
*ﬁg\h
N

e
g-—

H T
sl e © Tall off
£ 1 FWLE B i 0.2°
> 7 / A Le=—lgo
WA (I @ TS
i3 ko I A =-39°
AP > y=T78°
4SRN
L1 W 1$[E]
- | S
2 16 20 24 I
42 08 04 0 =04 =08 =2 =i6

Pltching—moment coefficient, G,
(b) M = 0.60

Mo e X inmm

16




Pitching—mameni coefficieni, G
(¢) M =0.80

Figure 13.- Continued.

¥ 50— 7 . /"Lﬁi ]
_ i o’ [Mb //Mf‘i/%r
0.3656—/ %:=o.re7\ Z s 3),4
3
404 7
; H
,. | 7
o A b
.S V.4 v
£ : o Tl off
:1::3 o o ‘t"‘ 0.2°
1]
3 Pl 1/1.2 & i=-Le°| |
€ : A l=-39°
° K3 b ly=-78°
=2 7 ?
é Al & [
-4 | 3 :
=4 0 4 8 12 () 20 24
Angle of oftack, «, deg 12 08 .04 0 -04 -08 =12 =16 =20

THOH NI VOVN



1.2 .
|
= 1510 ) D AE

1.0 ¥ ' b » - e

8 3658~/ eﬁ oner\ ol A1 j/w’f

- 0.365¢ =0.I67 >, H— T "

: AL A P

6 7 A A &
S -4 - { 4/:(.
-..." In n
E“ - 71 0 o Tl off
£ r / A O = 02°
Q2 ]
8 v/ 3 14 o o ip-186
% 0 .i 4 f A |.|="'3.9°

; B =-78°
: |
-2 , C ) y
E? L/l 1L
| a A~
— 0 g 8 1216
Angle of attack, a, deg B 42 08 .04 O —-04 -08 ~I2 =I6 -—20

Pitching-moment coefficient, Cm
() M =0.90

Figure 13.- Continued.

THOYW NI VOUN

66




1.O

Lift coefficlient, G

Q

Taii off

= 0.2°

o
v 11/ {‘g o O l=-16°
i Pl &dad A i=-39°

A
)

Jd
N1

4 A ﬁf 3‘ b =-78°
EW '}5 ,fﬁ_?\ 6»- T/
1.4 ARVANVAN/
¥ [ TETYTT N

-4 0 4 8
Angle of attack, a, deg

12
6 2 .08 .04 0 —-04 -08 -—I2 =I6 =20

Pitching—-moment coefficient, G,
(e) M =0.93

Figure 13.~ Continued.

THOH NI VOWN



|
|
|
|
THO% NI VOVN

1O I _
.8
LA /gb A
6 W/ v
. . 7
v 4 : _
2 /i o Tl off
% 2 : 0o i= 02°
8 a2V 8: o lpp-16°
3o S 45 A =-39°| |
- ' : Eﬁ | > y--7e°
G . 2l W
-2 042 g A (; -
/4 4 7T A
I/ £ v/
-a L 14 1€

-4 0 4 8
Angle of attack, a,deg

12
J6 A2 .08 .04 0 =04 =08 =~ -6

Pitching—moment coefficient, Cp
(£) M =0.95

Figure 13.~ Concluded.

19




1.2 — g(‘LT(E;
-%;IAGO_'_.__'\ &7 P #/ A5
1.0 == Lo | g/}( o
04I5T —Zﬁ_ 0.219\ e I el F
e o
8 H. 5 / )
6 . ' d
2 " ARTIR
5 a2 T N[d L o il off
£ P N B 4= 02°
D CRL:
g p o l=-16°
= a A If=-3.9°
TR T > yeerse [T
=2} é: 2? s |
-4 i g I l @ﬁgﬂ
-4 0 4 8 12 I8 20 24
Angle of attack, e, deg 12 08 .04 0O =04 -08 =R =I6 =20

Figure 1k.- Lift and pitching-moment characteristics.

Pitching—moment coefficient, Gy

(a) M =0.25

Moment center at 0.415%, 1+/2 = 1.460,

= T .
S¢/8, = 0.219, - = -0.10.

-

THOH NI VOVN



L1 N . :
L .1.960—— ,:(7 A AN ....-—f.‘rF : F 5
1.0 - A=t - PD A & %;
0415T 20.219 A y: AL 3
/5T o Y
.8 -
yo/d \ 7 Z 7
07751 & /T4 |
¢ ‘4 AL
2 i TTRIT 7
8 /1 [ o ¢ 7 o Tail off
3‘:, 2 F / \. [ o lf. 0.2°
..?: —L ¢ j N WG| O |t""|.6°
30 Vod E4 A2 A -390 |
1 £ A | 9 T > =~78°
N4 't | f g.,:(o
J£LE T I [
-4 0 4 8 12 16 20 24
Angle of attock, a, deg 2 08 .04 0 =04 -08 =2 =I& =20
Pltching—moment coefflcient, C
(b) M =0.60 '

Figure 14.- Continued,

£9




L2

Lift coefficient, G_
=) o B

el
[y

.1
H

b o o>
-% =I.460£ j ’z’B’/.o//']/
\7’—4—'—-&‘ of
0415E =0.219 faa 5 | /
" Q )l
p. : /EI
FI AR
I A /A
L .
/T © Tail off
LT B o o
5 /1AL 4 & Y=-16°
4 . £l A lp-39°
> % . b lE-78°
¢ FL [ 2[5
I N
-4 0 4 8 12 6 20 24
Angle of attack, e, deg 12 08 .04 0O -04 -08 =12 =16 =20

(c)

Pltching—moment coefficient, Cp,

M= 0.8

Figure 1lb4.- Continued.

9

THOY NI VOVN




THOH NI VOVN

Y

5' ﬁ
8 n4de b ndll
V4 / %
6 > ) -
' ' A
y /4
:-; 4 %%H/ |§‘/
s’ ﬁ / © il off
>
% '2 : / A D Ita 0.20
. 44 i A 1 MY ¢ & lm-16°
072 P I J_?_ ' b i-78°
-2 . /, 3 ; -I' / |
0 A <.> >
-4
-4 0 4 8 12 16
Angls of oltack, g, deg Je 12 08 .04 C =04 =08 =l2 =6

Pliching-moment coefficlent, Cp
(d) M =0.90

Gg



llo

o

S

LIft coefficient, GL
v

O

¥ aias0—— J
= [ [a
041SE %-0.219\ L4
; A L "/””’/”,’/////
// : // _
_J yd —l
/ LA
1) 4 AR Wi
ﬁ‘ 4/ o Toll off
‘f . Q= 02°
4 VIR o lp-18°
A A Bé A y»-39°
- b i=-78°
:4 : s
[T % T 1]
4/ ; ] : 8,
1 I J |S 1
-4 0 4 8 12
Angie of attack, a, deg e 12 .08 .04 0 —-04 =08 —J2 =—I6 =20

Pitching~moment coefficient, Cp,
(e) M =0.93

Figure 1lh.- Continued.

99

ThOh NL VOWVN



™

Lift coefficient, G
o ) >

d
n

A
H

—%-l.460$ g
oaiss —25 : 0.;I9\/ 5 i
. YV
Al 4rawi
/4 I v J{’ © Tail off
y 4 AT TR e w02
/1 Fl L 1A XA & l=-186°
15 { LT IART [ e ieser
T -
, - |
/ / /
T i / J e
-4 0 4 8 12 - —
Angle of attack, a,deg 6 12 08 .04 0 <04 -08 -2 =6

Pitching~moment coefficiant, Cp,
(f) M=0.95

Figure 1k%.- Concluded,

THOH NI VOWN

L9




68 NACA TN LOLL
P B
Of’ﬁ/' &
/
®o°% T
/
/|
/ b
/ A -
A ampea
) ///// |
v /,
o 4 K> 4 D
o 2 | —1
o »
= /’/j:’//’ ’,,/””—‘~_
8 S J go/// v
© .7 / 7
Y2 7¢/
% — v ,//
g 8 60///’/ //,l_
?E QY L~ -~
g -
3 < ]
341 X z
. )22 572
£ 0 o 0
§ P —_— — =0.10
by 2 I ~JA
_4 : 1 3
-4 o 4 8 12 16 20

Angle of attack, a, deg
(a) 14/8 %1.2

Figure 15.=- The variation with sngle of attack of the
downwash for both tail sizes.

average effective



69

NACA TN Lol

NACA
L

20

16

12

8

4

0

N\

G2'0=W 10} « ® <+ o

bap ‘> ‘a)Bup ysomumop an)}o8y}3

<
]

Angle of attack, a, deg

1:/8 2 1.5
Figure 15.- Concluded.

(b)



T0 NAGA TN Lol

=2
| Tail on 1\
- \ ==
dC. O " - m—— —F
| Tail off -
Nomer W&
0.330¢ 1195 0.l67 d
10 —— ——  346F LI79 219 Y ('d—'g" H(Reference 6)
——-——  349T 1526 .67 |\ fa
—--— 375G 1500 219 |\ ]
.08 N
do,
a
.06 et
- —j{"’_
| dCp)
04 \da / )hﬂoﬂ
Cm
02 = 3 —A I -~
_9Cm +—-- - 4 o g ooy W
Ot
()
;gktdl
1.6 \
(ch) da Aailoff
tail A
( )mnoﬂ
|
ﬂG#) === : = .
4 (| de)
(I- %E_) [———— P \ dal
a —
Sy
0
0O A 2 i) g S 6 T 8 9 .0
Mach number, M
() =0

b/2

Figure 16.~ The variation with Mach number of the tail control
effectiveness, the static longitudinal stability, and the factors
contributing to the static longitudinal stabllity. Cj =



NACA TN 4okl 71

-2
: yTail on .
[ ==r="1"
dCm - e
L0 e T LN
: . - 7 Tail off —~
e e e
— —— (0372c 153 0.219 __
10 ——-— 3658 I500 .67 Y(da ),an(Refe“’""eG}
—--——  4I5T 1460 28 —
08
del L
da 06 P' //
_— T
dCy j
04 (?;)tanoff
" 9Cm
.02 T ——
_égm. pra———
oy
o)
(d_C.L>
— gté tail
1.6
(dC._) ( a )fuiloff
da /iail
ﬂ._) 1.2
da /ftail off
8 o)
) S
ch B “'1EFEE£EE
g *? : JATR'Y T Fo]
(-4 ('T Ef)
00 A 2 ) 4 5 B N4 8 9 [e)

Mach number, M

(b) =% = -0.10

b/2

Figure 16.~ Concluded.



1.2

\
JRE

Z =0 A z_._0.10 g
b/2 b/2 : OCILAAS
8 i Y-
R D
7 5
L of o104 W6 S
® . o 12 0l67
° a 3¢ @ L2 209
E 4 4 & 15 167
2 , A 15 219
5 -
(&) — 3
£ |
—2 l NAd

1 o -1 -2 -3 -4 -5 -6 -1
A (0] -| -2 -3 -4 -5 -6 -7
c ~C
Mteil on  Btall off
(a) Vy V8. CLigi1 off

Figure 17.- The variations of the pitching-moment coefficient due to the horizontal teil and of

the factorse (dCL/du.) tail  and (1 - 8¢ ) with 1ift coefficient at & Mach number of 0.25.
(4Cy/do) gasy ore da.

gL

THOY NI VOVN



deg deg
(da )mn 20 P / (dg )mu 20 )
ey T dcy —
(da )lulloff 1.0 (da )tdloff 1.0
o) 0
' Z . zZ __
. ly%wl.S \ .6 lyb_,.,f —+ ZI
(l— 5'5-) | _ M (|—-g‘;) N LA
2 7 / —
4 (’ 4
2 —brai2 ” — nl2
oL NN , B
0O 4 6 B 10 0 2 4 6 B 10
Lift coefficient, Cy, , o¢
(8Cy/da) ggyy a
b) ( - 8¢ .
( (ch/da) tail off end (1 do, e cL‘l:a.:l.l off

Flgure 17.- Concluded.

THO% NI VOWN

el




1.2

1.0

Lift coefficient, (:._' oll off
O [\ NN Y o

1
W

ALO
z =0 —_— Z =z =0.10 Fox
b2 N, | L0 b/2 . SO
e '-jf" 'l
7z 2
WA - Le S
AW/ yd 7 C )’b"
)4 Pt @ 12 0le7
t 4 % O 12 28
=i : & 15 .87
' 7 s 15 28
2 y:
|2 b
- |
!l 0 -t -2 -3 -4 -5 -6 -7 -8
) A o = -2 -3 -4 -5 =6 -T -8
Tm - o (T
tall on Ttall off
(2) Vy vs'the.u off

Figure 18.~ The variations of the pitching-moment coefficient due to the horizontal tail and of

the factors

(d0r/dm)test .4
(dCL/ da) tail off

( - %) with 11ft coefficient at a Mach number of 0.80.

il

THOH NI VOWN




30
& 20
da toll
.‘ﬁL)
da /talloff 10
0
8
d 6
— e
(| da)
4

\\\

'~

/

-

/
/

L

o

4

L-%zl.lz

4

6 8 10

F T TN /
() 20 £
da_/iai -/
da /tatoft 10 —
0
< __
) bb Q.10
s j /
l;,Lx]S—\\ /)
6
(-9 — _Z
4 e NI
. BN
%m.a—B
0 [ 3
0 2 4 6 8

Lift coefficient, Ci,. o

(dcy,/dn) 4a1 _de
(b) - L and (1 dfr.) V8-CLias1 ofp

(aC;/8a) pay1 ops

Figure 18.- Concluded.

1O

THOH NI VOVN

Gl




76 _ NACA TN 4okl

Moment

center l,/é' l
0330t LI85 0.6

—— ——  346F LI7T9 218

——-——  349% 1526 .167| .-

—-—— 3758 1500 218 Y

P R

N

7 T

N\

Horizontal fail incidence, i3, deq
\
\

[ __.——-:_’_ -_--——'

B et A e e e SN

6 N§ 8 9 10

Mach number, M

(a) E/_2-_0.__

Figure 19.~ The variation of taill incidence with Mach number for several
normal acceleration factors at an altitude of 30 000 ft and a wing
loeding of 60 lb/ftZ. -



NACA TN Lobl

Mach number, M
b —Z_ = -0.10
(0) - 7

Figure 19.- Concluded.

° ]
- Moment =
center % %, n=4
0372¢ 1153 0.219
- — 365¢T L5I0 .167
———— 415C 1460 .28
_4 //
- L=~
L ,// ‘
/7 A
0 -8 /
n=3
'_,"‘_"\
/ | cv—
-4 —r ] =\
./_/
o
D
-
§-8 0
c
3 n=2
- -g —-’—-—-‘\_,I.
o=~ e - ,___L,—#H:ﬁ':
-g —P/_— o /’V
. 5% 4 — j::;ﬂf’—:#
E
S
I
0O -8
|
__.-——*"‘_:_—_ =
n=1]
—a l
6 7 8 S 10



78 : NACA TN kol

L2
I-c J
O
)
8 Talt off
8
a
2 )r/ }’
N [
o g,@ @ R=2,500,000
)’zﬂ © R=10000000
[ NS
|
Q
E% 3 0 4 8 12 16 20 24
] Angle of attack, a, deg 2 08 .04 o -04 -08
'§ Pitching~moment coefficient, Cr,
(]
&
a2 > A
o AN .
Tail on )
8 ¥
A
6
© R=2,500000
a © R=10000000
2
o]
-2
NACA,
A2 08 04 O -04 =08 =12 —I6 —20 '

Pltching-moment coefficient, Cpy,

Figure 20.~ The effect of Reynolds number on the 1ift and pitching-
moment characteristics at a Mach number of 0.25. Wing and
horizontal tail on the fuselage center line. Moment center at

0.349¢, 14/c = 1.526, 8y/S, = 0.167.



N
THOH NI VOWN

Lift coefficient, C|_
S

L0
© R= 2,500,000 :
8 © R=10,000,000 -
O
6 = A
- e\
:E%B:j N
Y
-2 f
o o]
0 =y
-2 0o,
"0 .02 .04 .06 .08 O J2 14 .6 U8 .20
Drag coefficient, Cp 0 2 9 B8 8 10 2 14

Lift-Drag ratio, L4,

Figure 21.~ The effect of Reynolds number on the drag characteristics of the wing-fuselage
combination with the wing in the mid position. M = 0.25.

6L




T 1
i Short fuselage

e

008
(=]
S 004
: 4
S o
: 0 —o—
o .ol2
S .
im ] ' : " :
.008 = =) :
T Long fuselage
004
o
0 A 2 3 4 5 6 N4 .8 9 .

Mach number, M

Figure 22.- Variation of the tail-off minimum drsg coefficient with Mach number.

THOY NI VOYN




Lift—Drag ratio, L/D

:
2
3
12 -
fol 7R\ . of .
oA N T R
g——-f— b g X . \§fo Ar Q}-r
] | \/ R\
6 ); =S N
I IISHETLNEEU-VELD VB VS
ol 91 AT Tl NAL hONY R
2 | el Y Fal Ml U1 T 1
_ . ’\_ ! i J i | o] ——
ki B D N M
0

{a} Short fuselage.

Flgure 23.~ The variation of the tall-off lift-drag ratios with 1ift ccefficlent.

18




&) ™

%6
@®

Lift—Drag ratio,
1)

-+

- A
I / - ~ Lﬁ\ i
[ : i \‘t ‘ \
.? A
B EICE; ] N
T BN : Co
U . oy Mo |
L i i —Lf
M=0.25 060 — 080 A—j - 090 — 093 — 095 —
L 1 1 | || L1 { ] | S
0 .2 4 6 8 10 for Ms025

Lift coefficient, C|_

(t) Iong fuselage.

Figure 23.- Concluded.

THOH{ NI VOVN




Moment ly S}g Moment
canter [ w center
03308 1IS5 0I67 —— —— 0372¢ 1I53 0219
—— —  346C lIT9 .20 —-——  365€ |50 .67
——-——  349C 1526 .67 e z
T 3%k s Jer 4158 1460 .219
Z.q ] -QI0
bé / ﬁ
CL=04 o C =04 i
-~ o -~ e o ’ . = T
T d 7‘-—‘ B (o] Fﬂr
5 Yy / B .
£ =7/ ;
= @ =03 T L= =03 1,
l? —-2 - I? --2 — t_:
S y &
- Y 8 _ /
--')..\z ‘ g - 1 :5“ ‘ |/
c=02 L4111 I~ =02 |l_ 1l .| l. 4=t/
TTIT] TP
4 5 B X 8 9 10 4 5 & 1 B8 9

Mach number, M

o

Figure 24.- The increment in lift~drag retio due to balancing the model with a horizontal tall
as evaluated from the measured 1ift apd drag coefficlents.

ThHOW NI VOVN

€8




8y NACA TN kol
Cemer %6 %, conter %6 %
0.3305 LI95 O.167 0.342% 1183 0.167
——— 3468 1179 .219 ———— 3728 1153 .219
——-—— 3497 1526 .67 ——— 365% 1510 .67
——— 375 1500 .219 ———— 315% 1460 .219
-12
4\
-8
/2 'i\k P
VRN AN
\\\\ M=0.60 / \\
0 NN N
RN N
N T —
S 4 \\\
5 NN
E \\v =
X o
o z . Z .00
% 7 b
X 2\
S’ A A
-8 r\ ﬁw
,/V- O \\\ l‘plp.v
_al X\\\\\ / ‘\
NN M=0.80 \\
0 AN N\ —
Nt
4 et
N
8
~o 2 4 6 8 0 2 4 6 8

(a)

Lift coefficient, C_

M =

0.60 and 0.80

Figure 25.- The increment in lift-drag ratio due to balancing the model
with a horizontal tail es calculated from the tail-off pitching-
moment coefficients and ACy

otail



NACA TN LO41 85

Momer % g onter %S4,
0.330% LI95 0.le7 —_—0.342C 183 0.167
—— .346¢ LI7T9 .219 ——— 3T72C LIB3 .2I9
—_——-— 349C 1,526 .167 —_—-— 365C I.5I0 .I67
—_——— 375¢ I.500 .2i9 —_———-— 4I57T [.460 .2I9
-1.2
OQ\
7N N T—— /AN
N I — =31\
-4 \—h T—IM=090 //’ ﬁ\\: -
v
N \| N
¥ O y —
3 N ol
[
P
? .
lo 2 2z
= e =0 %'—OJO
“B5-2.0
= . -
-[.6 / . \\\ [ \\\
/ NG NN
-1.2 A N\ N l%\
. \ X Y
N M=095| // \\ L _
_8 / \\ l/ \ ‘~\
/ 1/ N
"'.4 l [~
F KA
0 [
0 2 4 6 8 0 .2 4 .6 8

Lift coefficient, C_
(b) M = 0.90 and 0.95

Figure 25.- Concluded.

NACA - Langley Field, Va.



